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(57)Abstract: 

PROBLEM TO BE SOLVED: To further improve the 
amount of hydrogen to be occluded in a hydrogen 
storage alloy using Mg, Ni, rare earth elements, or the 
like, as the main constituting elements and to suppress 
the reduction in the reversible amount of hydrogen to be 
occluded caused by the occlusion and discharge of 
hydrogen in the hydrogen storage alloy. 
SOLUTION: This hydrogen storage alloy has a 
composition expressed by (Mg1-xRx)(Ni1-yTy)z (R is at 
least one kind of element selected from rare earth 
elements including Y, Zr, Hf and Ca; T is at least one 
kind of element selected from Co, Mn, Fe, Al, Ga, Zn, Sn, 
Cu, Si, Cr, Ti, V, Nb and B; and 0<x<1.0, 0<y<0.9, and 
3.0<z<4.5 are satisfied), and in which the area ratio of 
precipitated phases other than the composition present 
in the alloy structure is controlled to <30%. The hydrogen 
storage alloy is composed of powder in which the 
average grain size lies in the range of 50 to 200 jam, and 
further having a grain size distribution in which the ratio 

of the components with a grain size of <22 |im is <30 vol.%, and the ratio of the components 
with a grain size of >250 |im is <10 vol.%. The Ni-hydrogen secondary battery contains the 
above hydrogen storage alloy as a negative electrode material. 
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(Mg,.,R.) (Ni,.,T,),(RB 
Y*-£ts%t±M7zm. Zr, H f teJctfC a *«61«h 
*^tt< <fc*>l«©7c3R. TttCo. Mn. Fe, A 
1. Ga. Zn, Sn, Cu, Si. Cr. Ti. V. 
Nb*sJ:CJtB*»&9l24-i&4>tt< £4>i«©3c3t o< x 
<l. o<y<0.9. 3.0<z<4.5) f^^n^fflJiS^rW 

fflji!c^«ftoffi©ffia}it*3o%«T£-ra. *^©]a^^ 

&22jLimJ^T<DJ£##30ftg%&T> &*&2 50 tiiriiJUt 
Ni -TK^^mvtfeW. .hlBOfcTK^©®^^* 
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aa&»6atftiSil><c< £&l«©7Gf$t£. TBCo, M 
n, Fe, Al. Ga, Zn, Sn, Cu, Si, C 
r, Ti, V, NbfcJ:0*Ba>6ii«ft£4>&< £4>1 
a©7c^?r^L. x, y*5<tJ>*z«-€-n-eno<x<l. 
o<y<0.9, 3.0<z <4.5*jfltJ£-r3$tr&.S) "Cliff 

[»#JS 2 ] ma* l JBffitt©**«j«^{c*st» 
r, 

[ M^a 3 1 mem 2 waiSt©*^©^^ *i » 
-c, 

WfflB^»{*». &^ll22Mm«T©)£##30{$«%« 

[»#84J — (Mg,.,R.) (Nii.,T.) 
, (SC*. R«Y*$fr#±Sl7tl£. Zr, Hffc<fcJ>* 
Ca*6iBKtl*il>a< it>l«©7cJR%. TBCo, 
Mn, Fe, Al. Ga. Zn. Sn, Cu, Si. C 

r. Ti, V. Nb:teJ:<^Bfr6jl«ft£4 > £c< £&i 
SKOtcsRSttkI,. x, yfc <fc£>'z tt-eft-e*io< x <i. 
0<y<0.9, 3.0<z < 4.5&iftE-r3$fcr* -5) -cu® 

it'*ot, 30 
frte^t»i*«, ¥«3t4 ; F-S3& s 50~200umO*fflT?*S 

S2 50 n mW±©BS»J&* lDftS^^TOttJSWP* WT 5 

aEtt©**««^{c feot. 

KfiH^©«^S«, C e , N i , ,11 B 1,«, G d , C o 
[fjt#H6 3 -MS: (Mg,.,R,) (Ni,.,T.) 

z 

(SW>. R«Y*St?#±S7C*. Zr. Hf*iJ:tfC 
a*>6I«n5^< ifeliO?34, TBCo. M 
n, Fe. Al, Ga, Zn, Sn, Cu, Si, C 
r, Ti, V. Nb*J.£D c B#>6jltt"n54>ft< £*>1 
«©7cJg£^nL., x. y*J«tO t z«-€-n-€ t <l0<x<l. 
0<y<0.9, 3.0<z <4.5£«JETSfre*5) "Clifl 

W«c « 3 ft 4«fiR£ WT * **«»£&©»££&«: to 
i^r. so 
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HUia^(CML-C800*Cfel±-CHUiB^©ll!.'*«t 0 10°C 

<£C»^«T©«*«Hr«Ufcl!0;te«> mimW&U 

h 5oo*c* r *i*c/»tU:©aa[«jE-c}ftai-r *«i 

Mi a^©iizas-c©^aB$ra « o . 5~ lomm ©®h -c * 
sci -r &*XKK^©we&j£. 
[ nmm 8 3 swan 6 * tcim>m 1 ano^mmm 
-^©mstfSfctejBHT. 

Ml S^MS^©^ 4 . ^tiTgrt* 50~ 200y mCDm H 

£ «: & «t 5 ic*&«* b x mm t-t s xii* *tr c £ 

*3R*ii££©«ifcfr8:. 
[ m«qf 9 3 8 IB*^;!kXRjK£&©K fi£r& 

tctoivr. 

aws«»a©^«*tt. tt^-&22 it hwt©«»* 30 

f*«%«T. S^S250/imW±©fi5E^*SlOf*S%«T© 
f&Sfl-ffifcWr £ C £ *»«£ TS**Ri«££©«ii 

[11*3110 3 *S!RjSte£*^tfJIrt6£ > firiBJt® 

iE@£. BUtaft®, -fe^U-^tocfcO'IE^SriKSTSS 

i> ^■Jl-AiM—XMMcisl.^X. 
rtufBftStt. 1 Llt*J15 (DM-TtiiP 1 USB 

tt©*SR««^*#tf C 

CIS3J5J11 13 3«MBtt*«£. ft 

mammmm.it, m&m 1 0 ta$s©.=- ? *r)\>-im-:<% 
[st*^ 1 2 3 lEtts^i bx-xmm^mr^mm. 

[0 00 1 3 

c*w©«-r*s«»w] *»wtt. 7y*j/>>A. ^ 

r, Hf fcil>'Ca*6I«n^< <!: 4>1«) *i 

;U - ^«tfe©Ioffl«gicM f S . 
[0 0 0 2 3 

[^3fe©^i3 — -J 'rfc ( N i ) -?kmr-'XmmtLX 
«, C a C u ,ffl«a*iffl£-r S#±ffi- N i «£M 
P^t^-CA?, L a N i 5 ^©7K*?R>S^. 
Ti, Zr, VtoJrO'N i ZMf&TtmtLX #WT€. 5 
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its® h (Dammit s ti-c c » -s . 

[0 00 3 ] #±»- N i ^UliSHfc^M*. L a N i 

*AB5SJ:«3*>^«tc^«f^J|||IB{k^a*J. AB5S 

tiTl>&. SEA:. #±«- N i *£&©#±W7cJR©— 
W*Mfir-C!ffiftL.fcfflfiS%Wr*Mg -N i -#±S* 
^a©**#X£»T&C4#*R£;?ft-Ct,> 

4. 

[0 004] ±iELfcM g — N i -#±^^£© "5 10 
■fe. Mi(iLa,.,Mg > N i.S^SiiiC^tt 

4$H¥ll-2176«*&#K:tt. 
Mg.LaNi, fflfiSr P u N i , 39Sft«it*WT 

n-c<,>a#. c©Mg-N i -#± 

[0 0 0 5 ] — ^ ^K§¥ll-323469^&«tC«. M 
g, Ni «fcUt*±»7c3R*3ESflteR7cJRi 0, L a N 
i s »*3R«j«^«: Jt^r ««to«t cf Wl^ 0 ©7K^i 20 

/a^£#fa$S3ft-co£ 0 c©«fc 5 

@Wf44 0Tfflt.>5C4CCj;oT. LaNi s S7KS® 

( N i - *JRz^Wt» ) Zmm-f 5Ci *J pjffi 4 & £ . 
[000 6] 

[*MI|jMl«fcL«fc9 iT-SiSS] ±3iL//cJ:^(C. 30 

SR»j»££ (#^ll-32346^^IBtg©*^®^ 

£«*3t©©« • ttW%«9iET4iiJ^*JR!8UMai 
<fiTr*it»9WjB4WOr*J«3. «*.«N i 

ftffiT*«t»T0*5. 40 

[00073 n i--**— ;>t«}fett. a - 
;&s?t&ft i'Kitb^r safesa© * - cenr t, > -s c 4 #• 

o^rtt. KttttS©ftg«tt 4 KlWMk* SKfc 3 it £ 
[0 00 8] *«WBC©J:^ JftBHH«:*f«i-r*)t«>K 

ttsnfcto-c, Mg, n i to&vft±m.7bm*3Emm 
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©ffiT*«j*«- zct z nsmc L 4 -e© 

5 ft**Rj»£&*::£tttft44 l> Tffll>4C 4 tc «fc -> 

r. m^?tegS43cfiStm©iNi 8 3iiu(cH^f#^*^ 

S&3lft4") -5 C4*aW4LTC»*. 

[0 009] 

caunftWft-rsfcibo^Bi] *«w©» 1 ©**»» 

— «3C: (Mg.-.R.) (NiwJ,). -CO 
(K*. RttY5r^tf#±«7C*. Zr. Hfii^C 

a*>6ji«ns^tt < 4 i>m<D7tmz. t«c o . m 

n, Fe, Al, Ga, Zn. Sn. Cu> Si. C 
r. Ti, V, Nbfc<fctfB#»6&«'4-l.S4>ft< 4fcl 
a©5c*4^L/. x. y*jJ:t>*z tt^ti^fto<x<i. 
0<y<0.9. 3.0<z <4.5*»a-i-S»-C*i) THH 

^£©ffll$l*JCc#£-r SfflfiWflf mtB©BfflJ:b* i 30%JW 

[0010] c©«fc 5 K. *»W©» 1 ©**!R«^# 

(cjaorra. ffij£?wwfs (±ieufc(i)S;©imfSffiH 

5KD«rtiS4B) ©Wtfia**tttC(B«UTl,>.5fc«>. CD 

sr^3na*jgpRJS^©*»w%ltl4. -rftfc>*i* 
*<coiaiw*sRiR»a*+»«:ftjf sits c wot 
&. ts-or, ±iauA:ffl»as*?r-r**jR«i«^©nia! 

aWc3RWIMI*J:»)— «W»*ci36«r**ift(c. * 
©B3Stt*^*I«:iSl±3-ar4C4*«lI*64tt*. C©J: 

[0 0 1 1 ] #IMB©iH 2 »3j8B4 

cct aig u/cj; 5 jc. ±ie l it cD^mnmicm 3 n * 

UiB^fe»frB. 50-200 *zm©l5H-C*€. 

S250MmW±©JSJ^^10^«felT©taLK45'W%irr* 
[0012] C©«fc5fc. 2 ©*SRlRj8{^ 

(c*st»r«. ^^^©^i^^SiJtKflWj&^ffllcc 
s^Lrt^4±tcc. -e©tta[^*a3eL.rt»4. c 
©«t 5 a^pistt^aafeiystcttffi^ffitc iot, ?k^®^ 

^£©^ai#t££lf W^l^tt «rPSSL3tt 

w. *»"«©* i©*sRBat^&«:*forjaffl-rsc i 

[0013] *»W©*3R«ja^^©«JS^ffi«. IB* 
116 (ClBiSOfccfc 5 «C. ±El/fcC03:-^SilW«CgS 

n*ifl«%?rrs*3R«w^©«js^jS«:*j«.»r. bm 

E6*K»Lt 800-CfeLh-CH!iiB^©aiL*J: 0 io'C(S 



6 500°C t -c * i-c/»«±©sa«iE-c?ftarr 2>®M 
[ooi4] *^w©*^igaa^^©ifi{j§^Stt. 3 h 

50^200 y mO^ffl £ & & J; 5 CCtft^T -5X 
gfcWTSC LTt,»*. SifcSSK. Msftl 

9tcflBttt,fcJ:5rc. tM*«©^&»f*tt. I£T&22m 

#io^K&T©«ut*wii *w-r * c i u (,». 

[0 0 1 5 ] ±aiU/cd;-5ic. Mg. NifcJ;0*R7u^ 

aum M&ji&©&£ii]S£& £*BfsE©iBHK:iWffli-r 

WHlffi©«**iBccffi«^se±#-css. lot, oJ 
Wit a^lt-T-S* 5O-200Mm©©H 1 tt & £ *> icffift 

tr&c £#-?£&„ 

[0016] » f)i>-7m—'Xmmi*. ±ta 

-C. Ml 0(tfSi£LfcJ:5{c. 7KSS©f^^^tf 
y^Wfc%*dt?iEfli4. iJia:ft1S, u-£*sJ:t>* 

i*£-r &&©-?&£. 

[0017] v tr)\,-7kmr±xmm<D 

cEffl^a. -rtett^j?') v b'smmnmmi itc 

?lil?rft S*aiS*MUCteC»T . IWEZ^:««!«±E 0 
fc*^©- „ ^ ;U - 7K*-^S?tk^ f.ft^Ci 
£T3&©-C&6„ 
[0018] 

[0019] *%mofcmwm&&iz> 7n->^A 

(Mg), i?W(Ni) *sJ:i>'R7C**iS^7C 
*£ L/T^tf^^6^€)fe©-C*or. 
-fl25£: (Mg,. ; R,) (Nu.J,), -(1) 

(Mg 1 ...»Rl«R2 1> ) 
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* (5£#. RttY£Sfr#±ffi7cSt Zr, HfisiO'C 
a*>6mfft64>&< i&ia©^^. TttCo. M 
n, Fe, Al, Ga, Zn. Sn. Cu, Si. C 
r. Ti, V. Nbfc<fctf B#>6il!«n&:i>&< £&i 
a©73PI£^U x. y*sJ;y ; zti-en^ t no<x<i. 
0<y<0.9. 3.0<z < 4. 5£«£-r £) THH 

[0 02 0 ] ±i60fcJ:5fciafiS*WTS*Jl^j»£# 
«. LaN i s 3S©?]<^M^^iK:J:t^r. #d;t«l 

io 20%fei±©*^©»a^-r4>©r&^ o ccr. ±ta 

n i fc<ts>*-e©g^5c^ (ttejr) tTmcowM ■ mm 
*tf^©«caiLfcigaiitJ6*«R6-rsfc©-c*s. r% 

Si L-CttY£^tr*±S7cSg. Zr, HffciTCa 

^<=>js«ft&4>&< i*>ia©7c^*fflt^ci3!>5r# 

»{C#±SBeJR (Rl) ^Mt^CiWJL 

[0021] $ etc. *3R««^4i«ft«{b-r a± 

T. RTciftiUiLa. Ce, Pr, N d*5<fct>*YA^3i 
20 «ti*it>tt< £4>i«©^fg£m>£C£rtW*lA>o 

#±K7C*tt*©4M*CC|B6r. #±SS®^5-C 

*»j»£#©<a=i* Mb&££@.5> C© 
cfc 5 & S ^ $ Jl^ UtB, ^Rtf C e 'J 3^cC 5 

•^>;*j< (Mm) -?>L a U v 5 v 

(Lm) ftdf^tf -2.Ci75Srt-S 0 

[0 02 2 ] MgCC*t-r3R7C*©B^fix«0^ffl^.l 
*«©l5fflfrao RTC^CCcfcSB^ax^rC©^^^ 

Ci*ST#-S 0 g}^ax«0.3~0.95©lBHiT-5C<!: 
*iJ:0S?$ L/< . 3 6fc5f$L< (*o.4~o.93©©HT 
*&o R7C^CCj;3g^ax?r0.3fc(±<!;-r-SC<!:r. 

cfcDA^^Tkm^a^ff^ciJ&s-c^So milk 

Sx?r0.95WTiTSCiicJ:or. ^©SftH^tt?: 

[0 0 2 3 ] ±ao/cR7uS©^^, Zr, Hf 

*J<fcO*Ca^6jltfna^J:< i4>ia©7C^ (R2tc 

*) b. *±«7cjr (ri) tmmttmm&im-czz, 

40 7CS-C*3AS. 3 65C#±ffi7C* (Ri) ifBtSC 

a«c < , TKmnmmm «c s c i ^-c # & i *(c, 
*^©®i® • acmcc^5^©«»ffc*««w-i-ac i*j 

nJHift*. C©J:^ncR2^KJ;3Mg©g^S»o 
-0.4©ieH<i:-r?)C t*W$0< . 3 6{Cjf$O<W0 

[0024] £©<fc-5&C£2»e>. *^BJ©*^ 
(N i,.,T.) , -(2) 



(3W. Rl«Y£^0#±!IB^#>6)!i«ft£4>&< 
£felS©7c5g%. R2f*Zr. H f fcJ^'C a*>e>il« 
ft£4>&< £fel«©7t5g£^U afccfcO'btt^n-? 
ft0.3^a^0.95, 0^b^0.4, 0.3^ a + b ^0.95£$§ 

[0 02 5] ±iaL/fc(i)*sJ;C>*C2)^c*s^-C. TteJ^ 

N i /&#©— $®Z±mUtcT7zm. f 
to^Co, Mn, Fe, Al, Ga, Zn, Sn, C 10 
u, Si. Cr. Ti. V. N b te£VBfrhm<i£t\& 

4>& < £ fe i«©7c^r-g^-r £ c i «c «t o r . ^£© 
«. TTc^^^fCTk^iSlDb^^Tt:^. -T&ft*b 

-*3R-^«»©-9-^ * JHttt*i»#"r €> C £ fenl&fc£ 

[0 02 6 ] c©J:^j;I»f«. TTificj;?.!^ 20 
*y#0£jBa.-SKHa»6»SC<LJ&s-CS.5. fc/a, 
N i J&#©T^im£cfc£ggSay#0.9fcU:£fc££. 
Mg-Ni -Rlfi^©MS«iSA^L<^fcL.T > 

y«o?:S^.o.9*tiS©lBHiT'2>o g&ay ttO.OOS- 
O.SOfBB^S C £*U D»3; L< . 36(C£F$U< 
tt0.005~0.5©fSB~e*&« 

[0 0 2 7 ] ±l2L/fc(l)S;*ij:0*C2)S;-C^$n-5Mg 
-N i -R^^Cfc^-C. N i iTreI<DM^Wl 
z (M-^tb) »3.o£jS&4.Efc?Si8©©li£T&. £©<£ 30 
^&C, N i £T7£S©£-ii-$W:S:z£\ 3.o£®;i4.o* 

^©iBHi-rscifc^-pr, ^©7K^©j» • mm 
a. ww«tt{t& • fisca«tt*j*u < fi± 

L, ^*3&fiWta:»*»*Ci*J^rfiBttt*. NiiT 
7C^©^ltaWS z « 3 . 2- 4 . 4©I5H £ f i> C £ # J; 0 
£?£0<. 36CCSI$0< W3.2~3.8©ffiffl-C*i, 0 
[0 0 2 8 ] 3 6(C. *«Bg©*^©M^«, ■€■©« 
*6S**C e , N i g&Aff . G d , C o , P 
uN i.aaiM. *Jj:o*»<H©^«ii?:WT-5tl35i 

H,8tjg£t*. x»ia#/<*->tc:iBt»T«tSfi*©li*& 
[0 0 2 9 ] ±ifcLfclSliffl©5 5> Ce,Ni„M(D 

fsnntgfe 0 < a*ra©«sj!«i&tt/v#ft3fc(c«-r3 

©•C*><3, */cGd 1 Co 7 M©i^HH«iS^PuN i 3 M 
©£ JM*ji . fe L < tt C ft &«cX(K©ilSj|ttjfiU:SIitt 
^«C)l-r^fe©-C*5„ L/"C. Mg-Ni -RS^ 

5fe©s*sja#±aeofc J: 5 «c#sa«as*wr &«^k v 

^cjyff&*3gg^a&f#&C £#-??#£<, 50 
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[0 0 3 0] #B9i©*3RiftjB£&tt. JhiBUfcJ: 5fc 
M^tSMg-N i -R^^©ifflMrt(C??SE-r^ 

««^affi©»sfi«ufc6©-c*»). 

*ilM»rtK^^SIBfi^Wffiffl©«*BMIH:'X?30W« 

±IB C/c (1)5^ (2)^-ca 3 ft S*U3ciEffll*J©tB 
Affi) £££U C©££fB FtyCtfrWL -tiffin 

JftfttltB. -r^ft%±iau/cCl)S©fflfiSt5H^6^ft 

swarta©a (waa) ^ffi»tt-c3o%«T£Lfcfe© 

£c*>\ WflHffit?*r,r*>fflJiSAi*l6ia©|5Hrt 

r&ft«. iti£Lr©^tB£i^-©^i*^wr^fe 
©im^-rci^-c^-s., 

[0 03 1 J C©<fc5«c, #^Bj©,ffij&|5Brt©t^£fB 
fetter Tk^iSSI^ £ ffl^WtH+B©a* fi«"r 
•scifct-or. ±iaL-fcci)S;-? :, (2)SrS3ft-5)ffi)?s 

SrW-TSMg-N i -R3S^©Wtt. -r^ft^oJMW 

* l> £ 1 > 5 «ptt £+#k:2S» 3 s c £ 
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£«:#£„ T&ft*i. ±13 Ufc CDSC^oSC-CfRS ft -s 
fflfiR*Wr *M g - N i - R^^^3R©!|t14?r+^(c 
l6»^SCi*!t#^, CftiCj;o-C. Mg-Ni 
-RSl^fcAffittilsfiUTffl^fcN i -*3RZi;X«ffl! 
©gaffiT^c£ ; l:}S< C£«Ci&*. ^^HMlrttCteW* 
ffi^W WtB©WWa«. flHSlt-C20%«T tfZct 

[0 03 3] ±^LfciHljJEWffajffl©iiSIJtB. 

m*mm ( s e m > «c j: ^ 3 ft fcjs*f«^F«© 

>f-7Xh^>, Xi^v-T ^aT^^-rif- (EPMA) 

©v 9 f> y©7c3R©il8ltt^tc»-3c»riiW5E. S«-r 
5C£*5-clrS. WKBfftttSEMtcfc&Slrt^Hli* 

(ffl^crtWatB^^-Ct^-CfeJ:^) £tt. Witfi* 
^¥-»IScXia»*ffi (EDX) t«^Mt5Ci 

h©a«c*«fiS^«f«ffi©iiifll©Jt*»6* 

#>6ft&. 

[ 0 0 3 4 ] 0 1 «*^B^©7k^©(g^© s e Mmm 
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a¥*(c*sc^r. [ (tmfttfmmvmm) / (mm 
mm^womm) xioo(%) ] zwm-rzctic* 

[003 5] CC"C, llKfcl,>t, 3(*ffl^^gg 

ta^«5HF t 3^?L4 * iw -e©s« 

*«S«H±tt©li8l*»e>£03k»'C. ttJS*f*Tttiffl2 io 
CDffiStk^r^-S^CDi-rSo S E MOWMjefiS* 

«. SEMrW§?OTLR^^«MWcfaC>T. fflJ&if 

S"C &f*l/< «ioo~iooofg©f6fflr&5„ fc 

[0036]±Ilfcj;^ tt*»W©*SR»j«^«. 
W*. tf ^tt-T-tbW 50~200/n m©ffiB©f&ft tbti^ 
e>n^„ C©*3R!»i8l^«f*t3:. t4^®22MmfcTF© 
/&fr#30|*«% fcTF, ^S250MmW±©^*SlO(*a 20 
K&T©*4K#W*frrS£i*i3S«:#StA>. 

«ciioitr. *^©©jg • fflcfflK^^niiaw^WRwaa 
©«T«:«nw-r*ct*«^iffiitts. fftfc*?, 

[0037] *3iaR]a^i»f*©wt4-7-a3&*50tfiiei5 

tC»5i, fifc1tS«tt*i;t£fc©©. 

*©tt*ffi8W*** < ft o . T^t/ijmmm^cmiM-r 30 

Man*. *jR'«j«-^ttft©^tt^s*s2oo 
ym^iSx^i. m^m^m^r *>®ftt,c$>&. -?* 

0 . Wtt^FflsW:* t»£»5fc©tt*HfflWVh3 < ft 
0 , MgftSttfl&rttffi < ft o T*i©fIlW-r S 
4>©i*iffl'j3n-s„ 

[0 0 3 8 ] 3T:»nK:j:«40KiUR^I9ff(X. SBE* 
* J: 5 «c . »fSE©«JSlS*«ifc^«*»»r & C 4 
KJ:0»*C4#i"C*. c©J:5ft»SM&*tft^-r^# 
3©^*J^2H»©tfcF-#*6fcorc>£. *IB«© 40 
^^CCteti-C. Ti^te-?S* 5 50~200/im©ffifflT* 
ofciltfc, tt^-S22unfelT©SS»**30tt«l?<*iH 

x.r^*nrc^i. H«tt«sa>6if-r ^i4$tt#)a 

< ft 6MftCC £>.*>«, — ^a250MmW±©fdc^io 
f*«%£jfflx.-C^*ft-Cl>S*§£icB 1 ftttMPi&O 

*4T-S22MmWT©^* i 30t*a%l^ 
T. &- : FS250<zmW±©RS^10f*S%JitT©&JS^ : m 

[0039] *mi<D7kmmm&&i&#<D¥i&iL¥&& so 
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50~150/zm©l5ffl-C&£C OWF £ *fc. * 

^»£&tlM*©t&S«Wlitt. &^22umWT©fifc» 
#2 5<*»% JiTF . *W«2 50m dU*±©«a»*»a«tfll»« 
TT*5CiW0}f$l/^ C©«fc5&»5l5«^«l/ 
-r»*«fc5tci/rfc«fcl». ftfc. **»»£&»{*©¥ 

wb, iw*©«u*»w*wjeufci*6*c. tfrf© 

^«*S50»fg% (D50f*g%) ©£S©tfrf&**Vrt> 

[0 04 0 ] ±asc./cj;^ic. cu£*> (2)^-0^ sns 
ffljSfcwraMar-N i -R*d4K*5i>r. ffl^«T 

HtfB©HflitJt*3<»««T£U 3 6K|9«:©WS?S 

*±sa ifci^Miitsciicio-c, 
©»«wfc*ffi«-rs c &r. tP#wfcira>w**»«is 

©ffiT*«MWTSC£#T»J86£&S. 
i»^^©§«*tttJWM*tt%««:iSi±3-tt*c 4*s^r 

[oo4i]*K. *mm*mmm-&£L<DW&jjmic 

[0 04 2] **Sf!©*SR!Ri«#&©SS6:£8c«. 

fflj?X^Kftor(i«T^ft<TSci-c > ffl^wm 
ffi©«%fi«r*ciJfe?IfiBK:Lfcfe©-c**. ^&© 

«. STRtc* <W*.tf*±Sl7HR) iMg*3rIOffl 
(Kfcfc £ ft & <fc 5 CC#fi 0 . mx.ttT)la'> #*#BMl© 

[0 04 3]«K, IBUfcMg-RJRi^iNi*} 
<fcO t R5c3Rfe£*fflC»'C. cn6*Bfffi©Mg-N i - 

fb-TSo »i»(C*fc-5-C«. *"TN i ©^^rKS^rfli 

HMCi^ft^ffitt^X^fflmctiiL.. M?-RSS^ 

tcHa-TicitcfcOMar-N i -RjR#^«fWT 

4. »iSf^©^iiJ«. ^rtau©««T*«iw-rs±-c* 

[0 04 4] ^tO^ffiilTtt. ±fBU/cM 

e ~ N i - R^^j§i® ; Srl00' > C/sec«±©jaSt?^ilI 

f*W(C«. Mg-N i - Rm<&&$:Z<DfeMVmfrbM 

^■b-rsj&aftiKWWLr. ffijiio-3ooMi^as© 
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[0045] *m$<Dm&zm?&*m®M&&.&> m 

»®f^ctej^k<D/ca?)©SiSaa?:^SSt-€>o c© 
MA9» . 800"C«±T , ^#<D^.'SM p =fc 9 KTCf&l >S 
Ct (Mp-10-C) «T©fflS»H-CHtfirS. 
1X10-' P^fig[S-Cjt^Sf^L-fcf^C30O-500XS-C^ 10 

Alt. ifBLfcaKrrJMfflliff^ci^JfiOC*. 
[00463 JNt^fifttf sorc;ftigr<fc£ £, M^© 

*+#«cwac£#r#&i>. — «iss* (m 

p-10°C) Mx^i. R7n*©BMt^Mfir©jHB{c«fc 
S*&J?X^«I& £3:3 1 SiCTC i(C>5:5 0 
850*C«±r (M p - 20°C) JWTCDfiSttH itiCi 

^^.fc^ia^-S,, — ^a^j&siooBfP^^a^. 

ftSfc-enrt^S. ^ffiB$r^«l~80B$^©ffiffl<!:T 

[0047] -et-c, ±.i&Ltc£'>rj:mm.'etmmLtt 
s^aas^ 6 5oo'c * r^rc/^Ji<±©sa^ 

EtN^f*. C©J:5K:. ^^©^oiS^iS* 

£#njfc&&&,, &&af&©fr*PjlJg»5~l000°C/#© 30 

[ (&Maajg-500°C) / (?&aB8W*>6 5(xrc*-C«: 

[0048]±i£Gfccfc5 %?»«!LSXe*iS/c*^jl 
¥i9K^#50~2ro/ini©«H±tt*J:5K:» 

ffifflsns. ^©»»«. aa»»te«fcv*£s?i9»© 

*§^. ^i4#*#H«*rK*4©&AaK«»* - 
>te J:0*^>^-©|5l^/j:i'*SS^-rs c £tc<fc 0 . 

fiscims. *fc. £^*©ttawww«HR-r 

-5 C £ 4C J; 0 MM 0 T 6 «fc C >. 
[0049] 3 e.(C. »fc*ifc-£&t&5|ac*f 

saaL > » + Aaatt £ * mm? z> c £ #-e * . «f«c k o 50 
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H*«^»NaOHjg«*fflt>A:TiI/*';«ia*jlffl-r4 
CiWSU^. *ffi£MB$©SK«&I«-eMS?£©$i 

e©J:5«c&ffi*!ffltt. f96tifcd&-€-©6©© 
«Jtttc*rorfTot:t>j:(,>o. $ /cf&5$ l deface HiS L 

[0 05 0] *^BJ©N i -*3RH^Wft©H« 

«ft%nisra!N i -**zi^*«itcaffli/fcii«^jB© 

««?!lx«Xf->UX^P,^-5WJgnfgjtt©^il (ttffll 

te) -e*&„ «ai©»ttttWjsn«tt«:iE6ti 
**>©-*?«&<. m&nffivttezzmmo-c # 
»iattn«»i:**»*j <fc cfftsaz^«t©i»-rn«: <> 

©®ffl4>oJtfe-C*S„ 

[0 0 5 1 ] SSI tt£«MHF-*aMar*j*). C©J:5 

iofc^ra^ti 3 jwnnccffiar s J: 5 «c. «*.« 
c ©iii^-ea^ae i, 6 ©r * o r 6 <fc c >. 

[0 0 5 2] S^S¥2#iRiW3ftfcgi§lrttt«:. T;U 

* 'J f©«»**«iR3g 3 nr i » s . gsirto 

mffifp2 ©±# tttt. **gR(CfL 6 j&JRW 6 tl)t**P« 

7*JEBsn-cc»s. wp«7<h§igi©±gi5ignajrt 

*CI«7 «, SS 1 ©±g|5MPg|5^rtffliJ(CiffiS-r^*^ 

« 1 ©±SMP«BC«*Hje3ftTI,»S. 

[005 3] S &(C. WPS7 CCtt-^g[5*iiEffi5 (CgJ 
ttSnfciES';- K9©fl&«S»3&iSBK3nri»4. t7P 

s 7 ©±tc», «mi5tt*irr*iE«BT- 1 o jww <o « 
w6nr*o. c©ie@^-t-i o©^®si5F , 9fc»=fAij{ 
©Sc^fi t=tP*7©?L6^M^J;^{ciea3n 

r(,»S. iEflWUT-l 0 t<mz.m 1 2%^UTl6»^a- 
^1 3tcj:0HS3nrt^-l) o 
[0 054] ±l6L,/c^fiiS¥2 ^MfSSi 

3. ■fe^'u-^4*jJ:CJ c iES5 <fcr;i//7>;s«?^(cooi 

[ 0 0 5 5 ] ft© 3 B«fiBUfc*»i«©*3Rl»i8l^ 

(•&^»») **tffe©r*»). ^-xh^fccfccf^ 
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[0 05 6 ] ^M-X hsSJUfii 

=j - v u x & a c t ic £ <o fEK 3 ti s &©-e& 

So 

[0 0 5 7 ] £««J*1#I4©5 *3Ri»»#^»5K» 

TFE) . ^;H2Jl/P-^ (CMC) , 10 

rI<U t*-JUT;U=i-;U (PVA) fci'fcfflt^SCitfsr 

s*s„ cn^os^fMtatt, K«Jtr*3R«]a^^ 
^loogpicM b to.i- 5§a©iuHrBe^-r s c <t #s*? 

«fc *) m«ltbr . TkSH^^sfto^tcftcrttfti 
tmw^^fv^v^tnx.^^ (ptfe) 
[0058] wm&xmt ffl*.{*Mtet& 

Ni, Cu, C o % <Sr©&H»5fc*ttffl-r * C <k*«-C* 
5fciQ0»MC*f b r o . i- 5SB©ffiB -CSB^-T £ C £ 
[0 05 9] 2*«f£S&& IT», m*.tt^* \r j* Z 

6ft*. hAft«fW1-&i|^C 
«. *3Mti^^**£tr^*ffiW-*c&rt»&. 30 

[0060] ±mbtcnm (*m®m-&&mm) 3 <ta 

£3ftSIES5tt. -9*^BMtW*^tft>©-e*»). 

*-^4!^B«:jSi;r»5SlI3ti**BMb3>'<^ h (Co 
(OH) ,) . —mit^'Ulb (CoO) . ila^A 
h & £' «t ©il^tc , # y r * y ;m v - fotf* 
i/)ljt?-Jl,-k)lU--X (CMC) &£<DtfVT9 VfoWl 
&*&agi&LX'<-X MbU C©^-X F£±iB0 40 
fc J: 5 =yOc«EfC3lD» LT&*5I 0 D - 9 - -f 
UX&£%lfe^C£fCj;0{1$¥3ft£fc©^&-5. 
[0 06 1 ] H2/<U- *4Ktt. fta^KIITIIMi. # 
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[0 0 6 2 ] ±asUfcJ:5fc«liS**rr*N i 
✓X^fetCfc^T B. ©BlflS*rt4 1 ut:*ibw©* 

xitiM6&. -rfet>%T»ia!zk«!»]»«*«Min3-i±*i« 

•So 

[0 06 3] i -7k3RH^Wft». a^?©ffl 

^ur^-r^y ^ KgJtt*^s^e«w&i'©|g«i« 

±iE 0 fc J: ^ **|%W© N i - 
[0 064] -T^cfc^, *^OA-f^y 7 KH(|f 

&nw&}¥®<D®m&mtox±Motc*3tw<DN i - 

7k*— ^c*tib4Wi"St>©t?*s. cc-c, a^ij, 
Ltcmtit rjxmwi* 6©«Atc «fc 0 mfi«:ig8b-r 

Sfe©4. ««(B»*®ij|IMaB«*S©5R^©IBtt^ 

n 6 ©t, » rncc & s« Djttr & s . 
[0 0 6 5] *^©S^gS6^«. igttm?st 
ur-^®tfe ; SrWTS4>©-r*- 3 r 1 c©-^m?fecc± 

a^Lte*:^©N i ^^te^ffl^/t^©^* 

So c©J: 5 to&HB©" F gtbm^aagiii 
3H«:J:4a«. N i -*3RH^«fflJ©JBffa»tt^»J«F* 
«H4{c»^»"C. «S»«c^©^fftt«^MJHtt©l§l±* 

[0 066] 

[XlbM] -Xtc. *IBi«©JI»W«el5tt0!l*J«i:a t -e©W 

[0 06 7] HJi6F!l 1 ~6 QtoJzVikWft 1 ~6 
TIE©^1. &2JBJ:^3K7irr§M*-N i -R* 
*aR«j»^©«JiSt)5c-6J:5K:. ^hMg-RI 

i ©^*X^*-ciSig^s|2»ttl^i(Cj;f3?g«?U. 

-R*e^^R5c3R-«»T7cSR*aSflDL/riSWb*:. C 
ti6©^jS»*+»«c«*P0A:»«:. 44»Mf9(cflM 
t^CiJCior, *tl-ttlMg-N i -RJR^feftfP 

[0068] ^ctc. if e>n/c&^-f >=f 9 h^^-? 

r F*K9 ^^rttCiRSO. lXio-'PrfiS* 
■C^P » O AiftK 300"C £ X-WU L . K^^ftiffl* o . 5 
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BSRStff ofcfg. *Prt*0.1MPa<DT;l/3>#H^i It, 

[0 06 9] C©cfc 5 tCLXWta&&*mi»L1t& 
(C15mm©fii§£jiU 3 6iC^>v- = ;l/ (T;L-=i>^H 

wizzm fc. c n6*5R®^^** s e Mis^-r £ 

Citci^-c. iffliS54tiTa+BcD©Tas (®8tJt) io 
{£© 3 > h 5- X h r*fl»f L/ fc. WHJtB©fflfdc « EDXiC 
IC L x&sbtc. S E M£I?P?tt200~ 500fg©{gs£-C 

^WsKO^JilMcSRRjaWttiOr. V> — wyffi Ois 
h 7201) Kie^r, 6o°crio^)£*P<D7)<sS)ITrE 20 
^ - mmmk^mn. v . it*- -c * * @ 4>*jR«»tt 
( [h/m] ) ***i-e*iiM?£i/fc. t©ffi*>{#-t±r* 

1 iCTjrT,, 

[007 1 ] Jfc«HH 1 ~6 tt**Ji©*3R«ate 

5t„ 30 
[007 2] HJS^ 1-60 fcdcO'tb^ll 1 - 6 

iC j: S&*3&RjK^©m?i!s*m i 0 r ©#tt£fWT 

?ji>aM&*«!jeofc. ms^aw#@i¥fflrs'j^L. 

fcffHOrfffflOfc. 

[0073] mmmmmnmc-o^x^ s-r-s^ta 

*i«»fi»3S%K«Jt-C3:l©«^-eil^L. c©*i 
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^lg&iS^JtSJI^i (rtSlOmm) Srfflt^r. lOOOMPa© 

iE^r5^rattiE-rsci(cj:t3-<u y h^-en-enff 

SLfc. 

[0074] wenfcsas^-en-ensfffi-cftsftiw 

tih %25-C©tIS»4'r. TkJRlRjB^ilq^fc 0 100mA 
©m?JfE (lOOM/q) r5B$^^mL/. 10#Rfltic.li:Ufcf£, 
7k*©il^-^lq^/c «3 lfl0m(V©SjJfer^b7kiBSfii{c*f 

1 . S2*iJ:0'^3(c^„ 

[007 5 ]»C, S^»5RiPTFE»5Si*-jK 

yrn^t^, -en-enM»tbr95.5%, 4.0%, o.5%i 

[0 0 7 6 ] — -ft, *fflt~'j irJl>wm&%£.mite'i 

ctifc+fl-cctsflioriB^or^-x h^nasfufc. c 

©-<-X h£=;*7utijfi£*tr£N i ^?Li*fc5t»Lr 

r. Nill (iEtt) tefmvit. 
[0077] fir, ±.nzi,tcL&7i<.mmM&&mm (ft 

®.r^o/cN i -yk^^XWk (4/3A-y--f X. 4000mA 

B$p a i^tmL-fcf^. mvtfe^EE^o.9vcc/j: $ riA©m«Er 
fi©80%{c/jrssr©-y-'C ^;u^t?:45-c©tiafflrtrw 

[0 0 7 8 ] 

[«1 ] 
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